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OBJECTIVE Overview of Action Detection Method

We study action detection in video. We systematically assess the role that human
detection can play in action detection. We analyze the statistical properties of in-
tentional movement in action regions and propose a method that leverages such
iIntentional movement without requiring explicit human detection or tracking.
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Cluster the graph into action proposals

We find that explicitly incorporating human detection performs worse than implic-
itly incorporating information about the intentional movement of the human.
Our action detection training is weakly supervised and bounding-box free.

Extract improved dense trajectories Build space-time graph on trajectories Perform recognition on the proposals
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Trajectories and Intentional Movement Space-Time Trajectory Graph Experiments

Datasets: Comparisons:

UCF Sports: 150 videos, 10 actions. DPM-based human detector baseline.
Denote the set of n-frame continuous m trajectories extracted a video as T = Sub-J-HMDB: :_316 V_'deos’ 12 aCt'On_S'_ MVS, SDPM, FC, RDF, -I_-Ubelets’
(TY,... T™}. The kth point in trajectory i is a vector [x, fi]T € Z3 indicating MSR-II: 54 testing videos, kth for training. IDT+FV, Cao et al., Raptis et al.

the 2D spatial point location x and the temporal frame f in the video. Category-Independent Action Detection

The trajectory graph G for a video, G = {T, E}, where trajectory in T becomes a f§ | 5rqest component in space-time trajectory graph is considered as action.
vertex in this trajectory graph. Edge set E captures the relationship among pairs of

trajectories; the distance d“ between trajectory T and trajectory 77 is defined as
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The Puzzle: Action requires the intentional movement, or movement to achieve
some active purpose, of an actor. Yet, in works on individual action understanding
like action recognition and action detection,
the explicit use of human detection and sub- &
sequent processing seems unnecessary.
We focus on trajectories since these remain
top-performing action features.

Define a novel distance between trajectories that emphasizes the spatiotem-
poral overlap as motivated by our intentional movement analysis.
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The Study: We analyze the spatiotemporal relationship between trajectories and
the intentional motion region, by way of annotated bounding boxes.
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Trajectories are classified accordingly to this spatiotemporal relationship: . o N > 2 rapis ol
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67 AbsPos All trajectory-points lie in the box overiap freshold overtap threshold
56 54 C P T t t . t . t I . th b _ _ _ _ _ i (a) UCF Sports (b) Sub-J-HMDB (a) UCF Sports (b) Sub-J-HMDB
44 enros  [he center trajectory-point fies in the box where k is the index of the point in a trajectory and the offset 0"/ is computed once Detection | ocalization
FstPos The first trajectory-point lies in the box for the pair by
16 LstPos At least one trajectory-point lies in the box Interest Action Detection
~= PosVol Ratio of box-volume to whole video volume i . i Classes of specific actions are known. Results from SJHMDB shown.
2 2 3 8 3 _ o o =min | n—» 1|ff=fl_, (2)
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= JCF sports 1. Trajectories are tracked well in regions of intentional os | e A T vl
. . . . _ . . " " . —e—0urs Catch | 7 ]
. motion / action; confirming the prerequisite for their use. where 1 is the indicator function. P — ° o H—cims g
: : : : : : : : um = 0.6
- 60 59 More than 80% of the trajectories that begin on the action Edges are added among trajectory pairs based on their overlap and distance: Sos | Sos | Eiﬁ'ﬁp 2
remain on the action for its entirety. i 02 | 02 |—puilup fos
. . . . . . . . .. .. Run 3 i _IDT+FV
s 2. Trajectories are ehmtgd In regions of mtepnonal motion: E — { E: ot > 1, A = < TS} . (3) | o o1 {2 =02 o
more than 67% of all trajectories occupy actions and hence n—o ol—— > e . A A — — =
2 g g g 3o Intentional motion (only one action per video in these data). L : : S . . Overlap threshold Overlap threshold False positive rate
e o & o % 3 Althouah the m;'ori)’: of tra'ectofies are from the action) Implicit intentional motion clustering is then carried out by spectral clustering
< c s S tr;e relativ% volume Jof tr?/e acticﬁn Is low. Hence, regions wi’Eh on this graph. Multiple Actions Per Video
S-JHMDB ' , €9 Action proposals are selected as independent connected clusters of trajectories. This is the more realistic case of long videos with multiple actions, on MSR-II.

a high density of trajectories imply intentional motion.
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(a) Boxing (b) Handclapping (¢) Handwaving

Method | Boxing vHémdclapping Handwaving o
Caoetal | 175 132 267 (left) Quantitative Scores.
SDPM 38.9 23.9 44.4
Tubelets | 46.0 31.4 85.8 (right) Percentage of
RDP 41.7 50.2 80.9 ground truth actions that _
DPM 60.5 39.5 59.5 our proposals cover. 05 e
ours 94.4 73.0 87.7 16 32 48 64 80 96 112 128
Number of Clusters

This work was partially supported by the National Science Foundation CAREER
grant (11S-0845282) and the Army Research Office grant (W911NF-15-1-0354).




